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Abstract: Endoscopic ultrasound—guided fine-needle aspira-
tion (EUS-FNA) has a higher diagnostic accuracy for pancreatic
cancer than other techniques. This article will review the current
advances and considerations for optimizing diagnostic yield for
EUS-guided sampling of solid pancreatic lesions. Preprocedural
considerations include patient history, confirmation of appropri-
ate indication, review of imaging, method of sedation, experi-
ence required by the endoscopist, and access to rapid on-site
cytologic evaluation. New EUS imaging techniques that may
assist with differential diagnoses include contrast-enhanced
harmonic EUS, EUS elastography, and EUS spectrum analy-
sis. FNA techniques vary, and multiple FNA needles are now
commercially available; however, neither techniques nor avail-
able FNA needles have been definitively compared. The need
for suction depends on the lesion, and the need for a stylet is
equivocal. No definitive endosonographic finding can predict
the optimal number of passes for diagnostic yield. Preparation
of good smears and communication with the cytopathologist are

essential to optimize yield.

ndoscopic  ultrasound—guided  fine-needle  aspiration
E(EUS—FNA) has evolved into a first-line procedure for

the diagnosis of solid pancreatic lesions. The differential
diagnosis for solid pancreatic masses is broad and includes both
malignant and benign causes (Table 1). Primary pancreatic ductal
adenocarcinoma is the most common cause, accounting for at least
85% of solid pancreatic masses. It is currently the fourth leading
cause of cancer death in the United States.!? In 2011, there were
44,030 new cases of pancreatic cancer, and 37,660 deaths were
attributed to pancreatic cancer.?

EUS-ENA enables the acquisition of representative material for
cytopathologic evaluation of the pancreas in most cases (Figure 1).
A recent large meta-analysis of 33 published studies (12 retrospec-
tive and 21 prospective) between 1997 and 2009 involving 4,984
patients demonstrated that EUS-FNA has a pooled sensitivity for
malignant cytology of 85-91%, specificity of 94-98%, positive pre-
dictive value of 98-99%, and negative predictive value of 65-72%,
depending on whether atypical or suspicious results were included.?
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Table 1. Differential Diagnosis of Malignant and Benign Solid
Pancreatic Lesions

Malignant tumors

Primary pancreatic ductal adenocarcinoma (>85%)

Secondary metastatic tumors
Lung
Breast
Renal
Prostate
Melanoma
Gastrointestinal tract carcinoma (eg, esophageal, gastric,
ampullary, and colorectal)
Osteosarcoma

Neuroendocrine tumors

Lymphoma

Solid pseudopapillary tumors

Pancreatic acinar cell carcinoma

Malignant cystic lesions with solid components (mucinous
cystadenoma or intraductal papillary mucinous neoplasm)

Benign tumors and pseudotumors

Focal pancreatitis and chronic pancreatitis

Autoimmune pancreatitis

Microcystic serous cystadenoma

Other masquerading lesions, such as splenule

EUS-FNA has a higher diagnostic accuracy for
pancreatic cancer than alternate techniques such as
percutaneous computed tomography (CT) or transab-
dominal ultrasound-guided approaches, especially for
lesions less than 3 cm.*" Nonetheless, the diagnostic
yield of EUS-FNA may be limited for a variety of
reasons. These include the nature and location of the
lesion, the presence of necrosis or inflammation, the
visualization of the lesion, needle size, the stylet used,
suction, FNA technique, the experience of the endos-
copist and cytologist, the presence (or absence) of rapid
on-site cytologic evaluation (ROSE), and cytology
processing sampling. False-negative results for malig-
nancy may occur in up to 20-40% of cases.'®!'” Repeat
EUS-ENA is recommended as the second-line test in
patients in whom there is a strong clinical suspicion
of malignancy but a nondiagnostic finding on initial
examination.'”? Recent enhancements in imaging and
sampling may improve the efficacy and efficiency of

pancreatic EUS-FNA.
Preprocedural Considerations

Several preprocedural considerations are important to opti-
mize the success of EUS-FNA of solid pancreatic lesions.

Figure 1. Endoscopic ultrasound—guided fine-needle
aspiration of a pancreatic mass.

Patient History

A careful history in the patient who presents with a pan-
creatic mass may provide useful information regarding a
likely diagnosis. The insidious onset of symptoms, such as
jaundice and/or unexplained weight loss in the presence of
a new pancreatic mass, may strongly suggest an underly-
ing malignant diagnosis. The finding of an elevated serum
carbohydrate antigen 19-9 (CA19-9) level may increase the
pretest probability of an underlying pancreatic adenocarci-
noma, although the CA19-9 level can be modestly elevated
in bile duct obstruction or can be normal in the presence
of pancreatic cancer.! A history of chronic pancreatitis,
an immune disorder, or a personal or family history of
malignancy or other risk factors may provide clues to an
underlying cause. The time interval between the diagnosis
of a primary carcinoma and subsequent pancreatic metas-
tases is variable and may be years. However, incidental or
asymptomatic presentation is not uncommon. Therefore, a
comprehensive working differential diagnosis for all cases
needs to be considered. Techniques for FNA may be modi-
fied according to suspicion of a certain diagnosis.

Indication

The success of any procedure begins with an appropriate
indication. In general, FNA is considered when results
will affect management. Suspected malignant lesions that
are potentially resectable (only 15-20%) may not require
FNA if results will not change management. Exceptions
to this include cases in which neoadjuvant therapy is
being considered or to exclude the presence of a possible
pseudotumor that would not benefit from surgery.! EUS
alone may still be of benefit for locoregional staging in
borderline resectable cases and in detecting unsuspected

metastasis, which can occur in up to 10% of patients.”>*

Review of Imaging
Review of imaging prior to the procedure can be critical
to successful EUS-FNA and provide a roadmap for iden-
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tifying a lesion. A dedicated contrast-enhanced pancreatic
protocol CT study or magnetic resonance imaging is
ideal when available. Most pancreatic adenocarcinomas
are hypoechoic relative to the surrounding parenchyma.
Highly vascular lesions that are enhanced on CT may
be suggestive of lesions such as neuroendocrine or renal
cell carcinoma metastasis. Some lesions, especially in the
setting of acute or chronic pancreatitis, may not be well
defined or seen on CT imaging (up to 34% in one study*).
Cystic lesions, especially when complex or microcystic,
may appear solid. Surrounding anatomy—such as atrophic
parenchymal changes, abrupt cutoff of a dilated main pan-
creatic or common bile duct, or invasion of locoregional
vascular structures—may tip off the presence of an occult
mass. Evidence of metastasis should also be investigated.

Sedation

Adequate sedation for EUS-FNA of the pancreas is impor-
tant because these procedures are typically longer than stan-
dard endoscopy procedures. Sedation is usually provided
with conscious sedation or with monitored anesthesia care/
total intravenous anesthesia. Propofol may be preferred
for these cases because the length of the procedure may be
unpredictable for a variety of reasons, especially if a lesion
is difficult to find or diagnose. Intraprocedural cytologic
assessment may contribute to longer procedure times in
this setting. Furthermore, a poorly sedated patient may be
predisposed to an increased and unnecessary risk of compli-
cations with FNA or to having nondiagnostic results.

Endoscopist Experience

Although a number of factors may affect diagnostic
accuracy, the experience of the endoscopist is likely sig-
nificant. Diagnostic yield may vary significantly among
endosonographers. A multicenter retrospective review of
1,075 patients suggested that the diagnostic yield of
malignancy in solid pancreatic masses could be used as a
benchmark for quality performance measurement, given
its high pretest probability; a final cytologic diagnosis of
malignancy was made in 71% of solid pancreatic masses,
and it was suggested that endoscopists with a diagnostic
rate of less than 52% likely need performance reassess-
ment.”> Guidelines for EUS credentialing have been
published, although there is likely substantial individual
variation in the learning curve to perform EUS of the
2627 Diagnostic accuracy of EUS-FNA for pan-
creatic masses has been shown to increase with experi-

pancreas.

ence after a minimum of 75-100 cases for interpretative
competence and 25-50 cases for FNA.%*! Nonetheless,
it is reasonable to assume that endoscopists performing
a high volume of FNAs are likely to have more success
because the procedure is highly operator-dependent with
significant interoperator variability.
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The importance of an experienced cytopathologist
also should not be underestimated because a small possi-
bility of a false-positive result does exist.?** EUS-FNA of
solid pancreatic lesions has otherwise been demonstrated
to be a safe procedure, with an overall complication rate
of about 2.5%, which includes a 1-2% risk of pancreati-
tis.?% The risk of tumor seeding is thought to be very low
and has been limited to a few case reports.***’ The risk is
lower than that for percutaneous biopsy.*' The importance
of tumor seeding is also likely limited to a few exceptional
circumstances, most notably FNA of potentially resect-
able lesions in the distal body and tail of the pancreas that
may result in gastric wall seeding. Detailed discussion of
the risks of seeding and the pros and cons of pursuing
EUS-ENA and fine-needle biopsy (FNB) of resectable
solid pancreatic masses is beyond the scope of this paper
and has been discussed by the authors elsewhere.'?

Rapid On-Site Cytologic Evaluation
ROSE has been demonstrated to improve the overall diag-
nostic sensitivity and accuracy of FNA of solid pancreatic
masses by up to 10-15%.* Intraprocedural feedback
on the adequacy of sampling and the potential need for
additional material for ancillary studies (ie, immuno-
histochemistry or flow cytometry for lymphoma) may
have a significant clinical impact.”* Reliability of gross
visual assessment for tissue specimen adequacy by either
an endosonographer or a cytotechnician has been shown
to be inferior to assessment by a cytopathologist; however,
if no cytopathologist is available, assessment should be
attempted by the endosonographer.#-°

ROSE is not available in many centers because of
increased expense and resources. However, it may provide
more optimal patient care and ultimately be cost-effective
by reducing the need for repeat or alternate procedures.’ It
may also reduce procedure time and risk by minimizing the
total number of needle passes. It is often still practical and
more efficient to take 2-3 passes before asking a patholo-
gist to review the findings.’? Direct communication with a
cytopathologist during the evaluation is strongly encour-
aged to facilitate the interpretation of findings.

Optimal Techniques for Endoscopic Ultrasound
Imaging of Solid Pancreatic Lesions

Locating the lesion is the first priority. Approximately
65% of pancreatic cancers occur in the pancreatic head.”
Lesions in the pancreatic head or its uncinate region are
best visualized and sampled from the duodenum, whereas
lesions in the pancreatic body and tail are best evaluated
from the stomach. Knowledge of patient anatomy is
particularly important if a history of esophageal—gastric
surgery or stricture exists.
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EUS has the ability to accurately detect and sample
small lesions, even those less than 1 cm." The majority of
pancreatic malignancies will appear hypoechoic relative to
the surrounding parenchyma, which makes them readily
identifiable. Difficult-to-detect lesions are usually small
(<1 em) and/or poorly defined. The presence of inflam-
matory change or fatty infiltration in the background
of a pancreatic mass may make visualization difficult. It
is estimated that up to 20-35% of patients undergoing
EUS-FNA of pancreatic lesions have underlying chronic
pancreatitis or postobstructive parenchymal changes.**¢

Local anatomic clues, as previously mentioned,
can help. Some lesions may have morphologic charac-
teristics that suggest a diagnosis, such as the discrete,
well-circumscribed, smooth, regular borders of a neu-
roendocrine tumor; the microcystic, honeycombed
appearance of a serous cystadenoma; or the diffuse,
infiltrative appearance of a lymphoma with associated
adenopathy. The usual frequency for EUS of the pan-
creas is 5.0~7.5 MHz with conventional B mode imag-
ing. Fine adjustment of the gain setting on the EUS
processor as well as image enhancements with water and
power Doppler are usually helpful. Many experienced
endosonographers exclusively use the linear echoendo-
scope to evaluate the pancreas when FNA is planned,
although a second pass with the radial echoendoscope
may be helpful.’”” New EUS imaging techniques may
help distinguish pancreatic adenocarcinoma from other
pancreatic processes, as discussed below.

Contrast-Enbhanced Harmonic Endoscopic Ultrasound
Contrast-enhanced harmonic EUS (CEH-EUS) involves
intravenous injection of an ultrasound contrast agent that
can provide assessment of the microvascularization and
perfusion patterns within a pancreatic mass. The con-
trast agent consists of microbubbles that oscillate when
exposed to sound waves, resulting in acoustic signals that
are converted to color images, which enables distinction
among tissue types.’® Initial studies enhanced only power
Doppler signals, which have low sensitivity for detecting
small vessels and were limited by tissue artifacts. New-
generation contrast agents and echoendoscopes equipped
with improved contrast-enhanced harmonic imaging
technology allow for increased resolution.

Pancreatic adenocarcinoma has a distinct hypovas-
cular appearance compared with other processes, such
as neuroendocrine tumors or chronic and autoimmune
pancreatitis, which have a hyper- or isovascular appear-
ance.”®® In a recent meta-analysis of 12 studies and
1,139 patients, hypoenhanced lesions seen on CEH-EUS
had a pooled sensitivity of 94% and specificity of 89% for
the differential diagnosis of pancreatic adenocarcinoma in

patients with pancreatic mass lesions.®

Endoscopic Ultrasound Elastography

EUS elastography is a technique that analyzes differ-
ences in the elastic properties of tissue. Several studies
have shown that it may be used to distinguish benign
from malignant pancreatic masses.®7* Pancreatic cancer
typically has a hard or stiff appearance in comparison
with pancreatitis, which is usually mixed (represented
by a difference in color on EUS). Second-generation
EUS elastography enables more objective quantitative
analysis of tissue stiffness.”” In a prospective study of
130 consecutive patients with solid pancreatic masses
and 20 controls with a normal pancreas, the sensitivity,
specificity, positive and negative predictive values, and
accuracy of quantitative EUS elastography for malig-
nancy were 100%, 85.5%, 90.7%, 100%, and 94%,
respectively.”® EUS elastography was helpful in differ-
entiating pancreatic cancer from inflammatory masses
(sensitivity, 100%:; specificity, 96%) and neuroendocrine
tumors (sensitivity, 100%; specificity, 88%).

Endoscopic Ultrasound Spectrum Analysis

EUS spectrum analysis of backscattered radiofrequency
ultrasound signals that underlie grayscale EUS images also
has been recently introduced to provide quantitative tissue
characterization within the pancreas. This technology also
can be used with electronic array echoendoscopes to distin-
guish between chronic pancreatitis and pancreatic cancer.”

Role of New Endoscopic Ultrasound Imaging
Techniques

None of the techniques discussed above have yet to be widely
adapted. Although it is unlikely that they will completely
replace the need for FNA, they may be useful in select cases
to target optimal areas for FNA within a lesion. They may
also assist in making clinical decisions for management of
cases in which EUS-FNA findings are negative.®!

Optimal Techniques for Sampling of Solid
Pancreatic Lesions

Once visualized, the next challenge is obtaining an ade-
quate specimen. This requires accurate placement of the
needle into the lesion, which by itself does not guarantee
an adequate sample. Several factors have been demon-
strated to be important.

The nature and consistency of the lesion plays a sig-
nificant factor in the quality of the specimen obtained for
cytologic interpretation. Adjustment in technique and/or
additional passes may be required to maximize the chance
of diagnosis. Well-differentiated tumors may be more dif-
ficult to diagnose; one study showed that a significantly
higher number of aspirations were required to make a diag-
nosis for well-differentiated tumors (5.50+2.71; P<.001)
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Table 2. Comparative Studies of Needles for EUS-FNA of the Pancreas

Study Number of pancreatic masses Needle gauge Percent diagnostic
accuracy

Camellini L, et al*® (Prospective) 43 22 86.5
41 25 89.2
Fabbri C, et al* (Prospective) 50 22 86.0
50 25 94.0
Song T7, et al®* (Prospective) 60 19 86.7
57 22 78.9
Sakamoto H, et al” (Prospective) 24 22 79.7
24 25 91.7
24 19 Tru-cut 54.1
Siddiqui UD, et al”® (Prospective) 64 22 87.5
67 25 95.5
Lee JH, et al®' (Prospective) 12 22 100
12 25 100
Yusuf TE, et al*® (Retrospective) 540 22 84.0
302 25 92.0

EUS-FNA=endoscopic ultrasound—guided fine-needle aspiration.

versus moderately differentiated tumors (2.73+1.22),
moderately to poorly differentiated tumors (3.37+2.11),
or poorly differentiated tumors (2.28+1.06).>7

Large tumors are more likely to be necrotic and/or
fibrotic with an indurated consistency, making it difficult
to puncture them or move the needle within the lesion.
Resultant cytologic yield may be scant despite good nee-
dle position because malignant cells are embedded within
fibrous stroma and necrotic tissue.”>’® Small tumors
may not only be difficult to accurately target but also
may have a greater tendency to be displaced or fall out
of the lesion during needle advancement. Vascular lesions
produce a bloody specimen that will obscure visualiza-
tion of cellular aspirate. Inflammation that occurs with
chronic pancreatitis, for example, may obscure or mimic
a pancreatic malignancy by causing a reactive process
that produces cellular changes that are indistinguishable
from well-differentiated neoplasia.*® The sensitivity of
EUS-FNA to diagnose malignancy in the setting of
chronic pancreatitis was shown to be considerably lower
than that in patients with a normal pancreatic paren-
chyma (54% vs 89%) in one study.”

ENA techniques vary, and the best technique is
unknown. The site of FNA within a lesion is thought to
be important. In general, the shorter the distance needed
to reach the target lesion, the better. Targeting the periph-
ery is generally advised for large lesions that may be cen-
trally necrotic. However, the periphery also may provide
reactive desmoplasia and inflammatory debris induced by
the tumor.’! Therefore, “fanning” the needle throughout
the lesion is recommended.’*”> Reactive changes also may
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occur around indwelling biliary stents or surrounding
nonlesional tissue, which may render false-positive results.
Needle movement within the lesion may be important.
Usually, quick back-and-forth jabbing or “staccato” move-
ments (~5—10) are recommended versus slow movements.
Short “ice pick” movements versus long strokes within the
lesion may break up tissue for better cytologic yield at the
expense of making the sample bloodier.

Lesions in the pancreatic uncinate region are the
most difficult to sample by FNA. This is primarily
because angulation of the endoscope and/or deflection
of the endoscope tip needed to visualize the lesion may
make passage of the needle difficult, especially in the
long position. The resistance and bending encountered
with passage of the needle may result in inadequate visu-
alization and sampling. Sometimes, the endoscope will
have to be pulled back into a straight position to remove
the needle. In general, the straighter and shorter the
endoscope position, the better; however, there can be an
increased propensity for unstable endoscope position in
the short position, which results in the endoscope falling
back into the stomach.*

Transgastric FNA for lesions in the pancreatic body
and tail also may be challenging due to tenting of the
needle against the thicker and redundant gastric wall. To
overcome this problem, suction of the gastric wall and a
controlled, quick, forceful spearing motion is needed to
puncture the lesion. The use of the needle depth adjust-
ment lock will prevent overshooting the lesion. It may
also be helpful to have an assistant hold the endoscope to
minimize its movement with that of the needle.
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Table 3. Commercially Available EUS-FNA Needles

Manufacturer Device Needle gauge
Boston Scientific Expect 19, 22, 25
Expect Flex 19
Beacon Endoscopic BNX 19, 22, 25
ConMed Corporation Vizeon 19, 22, 25
ClearView 19, 22, 25
Medi-Globe Corporation SonoTip Pro Control 19, 22, 25
(not commercially available in SonoTip EUS-FNA System 19, 22, 25
the United States) Hancke-Vilmann EUS-FNA System 19, 22
Cook Medical EchoTip 22
EchoTip Ultra 19, 22, 25
EchoTip ProCore 19, 22, 25
Quick-Core 19
Olympus EZ Shot 22
EZ Shot 2 19, 22, 25
EZ Shot 2 with sideport 22
PowerShot 22
EUS-FNA=endoscopic ultrasound—guided fine-needle aspiration.

Available needle sizes are 19 gauge (G), 22G, and
25G. The optimal needle size for FNA depends on the
nature and location of the suspected lesion. The 22G or
25G needle is most commonly used for cytologic sam-
pling of the pancreas. Multiple studies have compared
the cytologic yield of FNA for 22G and 25G needles
(Table 2).77% The overall diagnostic accuracy of these
needles is similar and most have failed to show superi-
ority. However, a meta-analysis involving 6 studies and
1,064 patients suggested that the 25G needle was more
sensitive than the 22G needle (93% vs 84%) for diag-
nosing pancreatic malignancy.® The smaller 25G needles
may perform better because they provide a more cellular
and less bloody aspirate with less tissue trauma for bet-
ter cytologic interpretation. The 25G needle is also more
flexible and technically easier to use in the pancreatic head
and uncinate region.

Multiple ENA needles are now commercially available
(Table 3 and Figure 2). Head-to-head comparisons are
lacking, though. Other than size, the primary differences
include tip visibility; needle composition (stainless steel
alloy vs nitinol or cobalt chromium), which may make a
difference with respect to performance; penetration; push-
ability; resistance to needle deformity; and durability. If the
needle bends, it may be possible to carefully straighten the
needle manually within the sheath between passes.

Fine-Needle Biopsy

The diagnostic cytologic yield of EUS-FNA with a 22G
or 25G needle may be limited for several types of lesions.
Suggested indications for FNB include failure of FNA
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with a 22G or 25G needle, suspicion of metastatic tumors
requiring special studies for identification, and diagnosis
of neuroendocrine tumors, lymphoma, or autoimmune
pancreatitis. In some instances, extra passes for cell block
may be performed to facilitate additional studies (such as
immunohistochemistry analysis, flow cytometry, or other
ancillary tests) when a particular diagnosis is suspected.
Usually, needle rinse alone will be insufficient. However,
a core histopathologic specimen may be essential for
diagnosis because cellular and tissue architecture are pre-
served. Until recently, this has usually required use of a
larger 19G ENA needle or “tru-cut” spring-loaded biopsy
needle (eg, Quick-Core, Cook Medical), which has met
with variable success and complication rates of approxi-
mately 2-4%.5% Although 19G needles may provide
a larger tissue sample, potentially improving diagnostic
accuracy, they are difficult to use in the duodenum and
have a higher rate of technical failure for pancreatic head
lesions due to stiffness of needle and scope angulation.”
Tru-cut biopsy was not shown to be superior to FNA with
respect to overall diagnostic accuracy except perhaps in
certain situations such as autoimmune pancreatitis and
lymphoma.¥”* Combining techniques may improve
diagnostic yield and may be useful, especially when on-
site cytology is not available.””*%?

Experience is accumulating with a recently
developed high-definition fine biopsy needle with a
reverse bevel design for acquiring a tissue specimen
(EchoTip ProCore, Cook Medical; Figures 2B and 2C).
In the initial multicenter evaluation, FNB with the
ProCore 19G needle was technically feasible in 45
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A

Figure 2. A: The BNX system with 19 gauge (G), 22G, and
25G needles allows multiple needle exchanges through the
outer sheath. (Image courtesy of Beacon Endoscopic and

used with permission.) B: The EchoTip ProCore needle has a
reverse bevel design for acquiring a tissue specimen. The 22G
and 25G needles are shown. C: A close-up view of the tip of
the ProCore 25G needle. (Image courtesy of Cook Medical
and used with permission.) D: The nitinol-based Expect Flex
19G fine aspiration needle is more flexible than its stainless
steel predecessors and appears more promising for use in the
duodenum. E: An extreme close-up view of the Expect 19G
needle. (Image courtesy of Boston Scientific and used with
permission.) F: The ClearView endoscopic ultrasound—guided
fine aspiration needle. The distal 2 centimeters of the needle
are laser-etched to enhance visibility. (Image courtesy of
ConMed Endoscopic Technologies and used with permission.)
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(95.7%) of 47 pancreatic tumor cases, with a diagnostic
accuracy rate of 89.4%.% Technical failures occurred in
only 2 of 35 cases from the duodenum. The 19G needle
was still reported to be more difficult to pass, although
this did not impair sample quality, and no complica-
tions were reported. In cases in which only 1 needle
pass was performed, the overall accuracy of EUS-FNB
was 89.6%. Success appeared to depend on involvement
of a pathologist with experience in handling materials
obtained by FNA or FNB.

A ProCore 22G needle then became available. In
a prospective multicenter evaluation of solid pancre-
atic masses, core biopsies for histologic analysis were
obtained in 55 (90.1%) of 61 masses.”® Sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy for histologic diagnosis were 87.5%,
100%, 100%, 41.7%, and 88.5%, respectively. Early
experience suggests that the overall diagnostic accuracy
of 93.7% with 19G and 22G ProCore needles was sig-
nificantly higher than that of standard FNA needles for
diagnosis of solid pancreatic masses (79.7%j; P=.0039).”

The 19G ProCore needle may provide a better histo-
logic sample quality than the 22G ProCore needle.” One
randomized trial comparing the 22G aspiration needle and
22G biopsy needle showed comparable results for EUS-
guided sampling of solid pancreatic mass lesions with no
significant difference in diagnostic yield or technical per-
formance.” Recently, a 25G ProCore needle also has been
released and is under study.”

Early clinical experience with a nitinol-based
19G FNA needle (Expect Flex, Boston Scientific) sug-
gested that it is more flexible than its stainless steel
predecessors and appears more promising for use in the
duodenum (Figures 2D and 2E).*'%

Suction or No Suction
The need for suction likely depends on the lesion. The use
of suction and how it is performed during FNA vary widely.
No standard suction technique has been established. Nor-
mal suction is generally performed using a 10 mL syringe
and may be applied constantly, intermittently, or manually.
Most clinicians will adjust the strength of suction depend-
ing on the nature of the lesion and aspirate. Low or no
suction is preferred if the aspirate is bloody; blood contami-
nation may decrease diagnostic yield and quality.”* Suction
is preferred if the initial aspirate is scant; active suction may
increase cellularity in fibrotic solid pancreatic lesions.”>!!
The European Society of Gastrointestinal Endoscopy
(ESGE) technical guideline recommends the application of
continuous suction for EUS-FNA of solid masses but no
suction for lymph nodes.”

Limited studies have shown no significant improve-
ment in diagnostic yield of EUS-FNA with or without

suction.’”!% Only one randomized trial involving
52 patients has compared suction with no suction for
EUS-ENA of the pancreas; no significant differences
were found in diagnostic yield (92.3% vs 80%; P=.10),
blood in specimen (76.9% vs 88.5%; P=.14), or cel-
lularity (100% vs 100%; P=1)."" Continuous, high,
negative-pressure mechanical suction (35 mL of a 60 mL
syringe) with a 22G needle in one study yielded a tissue
core adequate for histologic evaluation in 96% of solid
masses.'™ The fine-needle stylet capillary suction tech-
nique, which uses only capillary aspiration achieved by
slow withdrawal of the stylet, may be more sensitive and
has a higher negative predictive value than suction aspi-
ration of solid pancreatic lesions. Quality of the cytology
specimen and cellular material obtained were shown to
be better in 55% of capillary suctions compared with
33% of standard suctions in one study.'”

A recent abstract comparing EUS-guided pancreas
biopsy techniques using the ProCore needle suggested that
superior tissue adequacy was obtained with the capillary
aspiration suction method—whereby the stylet is slowly
removed over approximately 30—40 sec as the needle is
moved back and forth—versus standard 5 cc and 10 cc
suctions.!% Reasons for this are unclear but may be related
to a venting mechanism associated with the reverse bevel
versus cutting action. Suction should be turned off before
removing the needle from the lesion to avoid aspiration of
intestinal contaminant.

Stylet or No Stylet

The function of the stylet is to prevent occlusion of the
needle with gastrointestinal contaminant as it is passed
into the target lesion. The stylet is usually slightly with-
drawn from the tip of the needle to facilitate puncture
through the gastric or duodenal wall. Once the needle
is in the lesion, the stylet is pushed in completely to
clear the needle of any intervening tissue and then is
removed. The stylet is reloaded in between passes. Three
randomized studies evaluating the benefit of FNA with
or without the stylet (22G needles) have shown no
improvement in diagnostic yield or sample quality but
a possible tendency for increased bloody aspirate with
the stylet.!''% The ESGE technical guideline states that
there is insufficient evidence to recommend for or against
using the stylet.” Interestingly, the capillary suction tech-
nique that includes slow withdrawal of the stylet may
provide better-quality specimens (especially when used in
conjunction with the ProCore needle), although further

studies are pending.'*>1%

Number of Passes
Most studies have shown that maximal diagnostic yield
can be obtained after 3—5 passes for pancreatic masses if
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ROSE is available and if the quality of the passes is high.
In the absence of ROSE, the recommended number of
passes is 57 for solid pancreatic lesions.”'"" The incre-
mental yield of additional passes beyond this becomes
negligible.’! The determination of specimen adequacy
by gross inspection has been shown to be poor. Direct
feedback from the cytologist during the procedure can
provide useful information regarding the adequacy of the
specimen and need for additional passes.?”#7>!11!

Erickson and colleagues showed that a general
policy of 5 passes would mean that too few or too many
passes would be made in about 50% of patients.”? No
definitive endosonographic finding can predict the
optimal number of passes. The presence of underlying
chronic pancreatitis makes diagnosis more difficult.
Tumors that are well differentiated may be a predic-
tor of the need for a larger number of FNA passes.'!?
Highly vascular lesions give progressively less diagnostic
material because the number of passes increases due to
blood contamination.” Aspiration needles may become
difficult to use after 3—4 passes due to accumulation of
material and blood in the needle or bending or blunt-
ing of the needle. In pancreatic cases, this necessitated
the use of additional needles in about 15% of cases and
increased overall procedure time.*

Cytologic Sample Processing

Preparation of good smears is the last important step.
Training is required to learn this technique, especially if
a cytotechnician is not present. It is not known to what
degree variability in technique affects outcomes, but this
is yet another good reason to communicate with the
cytologist. The ESGE and the British Society for Clinical
Cytology have published guidelines.?”'*?

The way that material is expressed from the needle
onto a slide may influence diagnostic yield. Reinsertion
of the stylet, air-filled syringe, or both can be used to
express material onto the slide. The stylet allows for more
control and the removal of a possible clot, although it is
more time consuming and is possibly associated with an
increased risk of needlestick injury.’>'%

Air insertion may result in uncontrolled splatter of
aspirate and air drying artifacts or clotting of the speci-
men.” Thin smears are desirable to avoid excessive cellu-
lar overlap that may impair interpretation. Close inspec-
tion of the aspirate with careful separation of excessive
blood clots from tissue material is helpful. Air-dried
slides stained with Romanofsky staining (ie, Diff-Quik,
Siemens) provide morphologic assessment on-site.
Although Diff-Quik staining usually provides adequate
findings for a preliminary diagnosis, ethanol-fixed and
Papanicolaou-stained material provides the best nuclear
detail. The smears must be placed immediately into alco-
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hol to minimize air drying artifacts.”® Material also may
be placed in a liquid medium or fixative for cell block,
which can then be formalin-fixed, paraffin-embedded,
and sectioned for standard hematoxylin and eosin stain-
ing or other ancillary testing. Cell blocks are used as a
complement of, not a substitute, for smears.”” Liquid-
based cytology preparations may be useful if immedi-
ate cytologic evaluation is not available. However, it is
expensive; all material must be placed directly into a
liquid fixative.>

Molecular Analysis

FNA aspirates from pancreatic masses may be used for
various molecular tests, including KRAS mutation analysis,
as the mutation may be present in 75-95% of pancreatic
adenocarcinoma.'®!® The routine use of KRAS mutation
analysis combined with cytology for increasing the diag-
nostic yield of pancreatic malignancy is unclear and not
the standard of care.!*''® Emerging future applications for
select indeterminate cases and personalized cancer care may
clarify the exact role of KRAS and other mutations that can
be tested in an EUS-FNA sample.

Molecular analysis of FNA samples in pancre-
atic cancer may improve understanding of molecular
mechanisms of cancer development and therapies. For
example, fine-needle aspirates have recently been used to
identify the predictive marker hENT1 for gemcitabine
response in pancreatic cancer.''” Measurement of Ki-67
from FNA also has proven useful in the assessment
of malignant behavior of pancreatic neuroendocrine
tumors and the prediction of 5-year survival.!'®

Summary

Multiple variables influence the diagnostic yield of
EUS-FNA. Identifying which ones are most important for
a given lesion in any given situation remains a challenge.
Awareness of these potential variables and the ability to
modify techniques when indicated will no doubt enhance
outcomes. Advances in EUS technology and refinements
in current techniques hold promise for continued improve-
ment and expanded applications of this procedure.

Dr. Weston has received consumable supplies from Cook
Medical for a research project. Dr. Bhutani has received a
temporary loan of equipment and consumable supplies for
research from Boston Scientific.
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